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study	period	were	Eolimna subminuscula (Manguin)	Moser,	Lange-Bertalot	et	Metzeltin,	Gomphonema parvulum (Kütz-



















well	 as	 their	 use	 as	 biological	 indicators	 (Bojorge	 &	 Cantoral-
Uriza,	2007;	Cantoral-Uriza	&	Mora,	2012;	in	press).
The	Lerma-Chapala	basin	has	had	a	remarkable	economical	















et al.,	2001),	and	as	a	site	of	abundant	natural	resources,	 it	 is	a	
priority	to	propose	methods	for	identifying	bioindicator	organisms	
that	could	reflect	the	prevailing	environmental	conditions,	enable	
their	 monitoring,	 and	 allow	 for	 the	 evaluation	 of	 water	 quality;	
all	 of	 which	 would	 facilitate	 ecosystem	 management	 decision	
making.


























oak	 (Pinus-Quercus)	 forests,	gallery	 forests	 (Salix bonplandiana	


















la (Manguin)	Moser,	Lange-Bertalot	et	Metzeltin,	Gomphonema parvulum (Kützing)	Kützing,	Navicula veneta	Kützing, 







The	 sampling	 sites	 were	 chosen	 taking	 into	 account	 the	 differ-
ent	 human	 activities	 and	 land	 uses	 occurring	 in	 the	 basin,	 and	
attempting	 to	 obtain	 samples	 from	 sites	 located	 both	 upstream	
and	downstream,	and	from	villages	or	cities.
Depth	was	measured	with	an	electric	sounding	line.	Water	
temperature,	 specific	 conductivity	 (K25)	 and	 pH	 were	 measured	
with	a	Conductronic	(PC-18)	potentiometer.	Dissolved	solids	were	
recorded	 using	 a	 HORIBA	 Multiparameter	 meter	 and	 dissolved	
oxygen	concentration,	with	a	portable	YSI	(51-B)	meter	(Table	2).
Epilithic	 diatoms	 were	 collected	 according	 to	 the	 method	
proposed	by	Iserentant	et al.	 (1999),	by	brushing	10	cm2	area	of	






removed	 adding	 hydrogen	 peroxide	 and	 heating	 until	 evapora-
tion,	 afterwards	 repeatedly	 washing	 with	 distilled	 water	 until	
neutralization.	 In	 cases	 in	 which	 organic	 matter	 remained	 ad-
hered	 to	 the	 frustules,	 20	 mg	 of	 potassium	 permanganate	 were	
added,	 and	 samples	 were	 subsequently	 washed	 with	 distilled	
water	until	neutralization	(Iserentant	et al.,	1999).	Finally,	samples	
were	 mounted	 on	 Naphrax®	 (Refraction	 Index	 =	 1.74).	 Cleaned	
and	uncleaned	samples,	and	permanent	slides	were	deposited	in	
the	Diatom	Collection	of	Geology	Department	of	 the	Instituto	de	
Investigaciones	 Metalúrgicas,	 Universidad	 Michoacana	 de	 San	
Nicolás	de	Hidalgo	(IIM-UMSNH),	México.
Diatoms	 were	 observed	 with	 light	 microscopes	 (LMs)	
(Reichert-Jung-Polivar	 and	 Olympus	 Bimax	 50)	 equipped	 with	
Nomarski	 interference	optics,	and	digital	photographic	cameras	
(Sony	 Cyber-shot	 and	 Olympus	 DP12).	 Apical	 and	 transapical	







specimens	 for	each	species	 in	 the	same	 locality.	Minimum	and	
maximum	values,	average,	and	standard	deviation	for	each	mor-
phometric	 parameter	 were	 estimated	 to	 show	 the	 variation	 in	
populations.	 When	 necessary	 for	 taxonomic	 identification,	 the	
scanning	 electronic	 microscopes	 (SEMs)	 Phillips	 XL	 30	 (Museo	
Argentino	de	Ciencias	Naturales,	Buenos	Aires,	Argentina),	and	
JEOL	JSM	6400	(IIM-UMSNH)	were	used.
Taxonomic	 identifications	 were	 based	 on	 Patrick	 and	 Re-

















































































Nitzschia	 (34),	 Navicula	 (19),	 Gomphonema	 (15),	 and	 Pinnularia	
(11).	Cocconeis placentula	var.	euglypta,	Eolimna subminuscula, 
Gomphonema parvulum, Navicula veneta, Nitzschia capitel-





N. capitellata	and	N. umbonata	 in	 the	 latter.	 In	Pedregal	Spring	
a	 high	 abundance	 of	 some	 species	 characteristic	 of	 oligotro-
phic	and	highly	oxygenated	waters	was	observed,	such	as	Rhoi-
cosphenia abbreviata	and	Eolimna tantula.
The	 CCA	 for	 the	 most	 abundant	 species	 (>3%)	 showed	 an	





















Eolimna subminuscula, Gomphonema lagenula, G. parvulum, Na-
vicula germainii	Wallace, Nitzschia capitellata, N. palea, N. um-
Table	2.	Physicochemical	variables	of	the	study	area	during	the	dry	and	post-rainy	seasons	of	the	2003-2005	period.






















Tz 100-150 142-200 18.4-19.0 15.0-17.6 396-683 137-431 7.0-8.0 6.8-7.7 5.4-8.4 5.6-8.0 67.0-91.3 69.0-93.5
5.	El	Pedregal,	
Michoacán
P 150 200 16.0-18.9 16.0-17.5 352-780 232-756 7.0-8.1 7.2-7.6 6.5-8.9 6.0-6.9 86.0-95.6 80.0-90.0
6.	Pedregal,	
Michoacán
Pm 20-30 30-40 24.0-24.1 23.9-24.5 254-262 244-527 6.0-8.0 7.0-7.8 5.8-6.5 4.8-9.4 66.0-78.6 55.5-102.0
7.	Chamácuaro,	
Guanajuato
Ch 130-140 150 17.5-18.9 17.7-19.0 275-613 117-570 6.9-7.9 6.9-8.6 5.2-10.0 4.5-5.6 58.0-111.5 53.0-64.0
8.	El	Capulín,	
Guanajuato
C 10-20 30-35 20.0-21.3 18.1-19.4 340-395 157-568 6.7-7.9 6.7-8.2 3.0-7.5 3.6-5.0 35.0-67.5 43.5-54.5
9.	Uruétaro,	
Guanajuato
U 40-60 50-70 21.4-23.3 18.3-19.3 526-691 344-487 7.0 6.9-7.6 3.0-4.8 2.4-4.0 35.5-45.5 29.0-45.0
10.	Río	Laja,	
Guanajuato
LAJ — 8 — 20.7 — 382 — 8.3 — 0.26 — 2.8
11.	Río	Querétaro,	
Querétaro









PL Ixt Tl Tz P Pm Ch C U LAJ QRO
Achnanthidium minutissimum	(Kützing)	Czarnecki ACMI 0.0 0.0 0.0 1.8 0.0 12.7 0.0 0.0 0.0 0.0 0.0
Amphora copulata	(Kützing)	Schoeman	et	Archibald AMCO 0.0 0.0 0.0 0.0 0.0 16.5 0.0 0.0 0.8 0.0 0.0
Amphora pediculus	(Kützing)	Grunow AMPE 0.0 0.0 0.7 0.0 7.8 18.5 1.0 0.0 0.0 0.0 0.0
Amphora veneta Kützing AMVE 3.5 0.0 0.0 0.0 1.2 11.0 1.0 0.0 0.7 59.0 0.0
Cocconeis placentula	var.	euglypta	(Ehrenberg)	
Grunow
COPL 8.0 1.0 0.0 1.0 13.8 23.2 47.5 3.2 6.5 0.0 0.0
Eolimna subminuscula	(Manguin)	Moser,	Lange-
Bertalot	et	Metzeltin
EOSU 17.5 51.8 110.0 145.8 7.0 3.2 16.7 56.5 43.8 8.0 0.0
Eolimna tantula	Hustedt EOTA 0.0 0.0 0.0 4.0 0.0 46.3 0.0 0.0 0.0 0.0 0.0
Fistulifera saprofila	(Lange-Bertalot	et	Bonik)	
Lange-Bertalot
FISA 0.0 8.0 0.0 0.0 0.0 0.0 1.8 1.5 2.7 0.0 0.0
Fragilaria goulardii (Brébisson)	Lange-Bertalot FRGO 0.0 0.0 0.0 0.0 1.6 0.0 27.0 3.0 2.0 0.0 0.0
Gomphonema clavatum	Ehrenberg GOCL 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.3 11.5 0.0 0.0
Gomphonema lagenula	Kützing GOLA 0.0 16.2 8.2 4.4 0.0 0.0 17.0 1.5 17.7 0.0 0.0
Gomphonema parvulum	(Kützing)	Kützing GOPA 7.0 13.0 7.7 19.8 0.0 0.0 8.2 10.2 27.7 0.0 0.0
Gomphonema pseudoaugur	Lange-Bertalot GOPS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 59.5 0.0
Gomphonema saprophilum	Lange-Bertalot	et	
Reichardt
GOSA 0.0 2.8 1.8 1.0 0.0 0.0 4.3 4.3 0.7 0.0 0.0
Luticola goeppertiana	Lange-Bertalot LUGO 0.0 0.0 0.0 0.0 9.8 3.5 0.0 27.0 0.0 0.0 0.0
Luticola mutica Kützing LUMU 0.0 0.0 0.0 0.0 34.4 0.0 0.0 2.7 0.0 0.0 0.0
Navicula antonii	Lange-Bertalot NAAN 2.0 1.7 2.0 0.0 35.4 7.5 10.8 18.3 1.0 0.0 0.0
Navicula cryptotenella	Lange-Bertalot NACR 0.0 0.0 0.0 0.0 1.2 2.2 0.7 14.0 0.0 0.0 0.0
Navicula erifuga	Lange-Bertalot NAER 0.0 1.5 0.0 0.0 0.0 0.0 0.0 17.7 8.3 0.0 0.0
Navicula recens	(Lange-Bertalot)	Lange-Bertalot NARE 0.0 2.3 0.0 0.0 0.0 0.0 2.3 3.2 7.0 0.0 0.0
Navicula veneta	Kützing NAVE 2.0 7.0 1.2 2.2 0.0 1.3 6.3 16.5 19.3 0.0 0.0
Nitzschia amphibia	Grunow NIAM 18.0 0.0 0.7 5.4 18.4 16.3 43.2 41.8 73.5 60.0 0.0
Nitzschia capitellata Hustedt NICA 81.0 104.7 103.2 76.2 6.8 3.0 41.0 59.7 34.0 164.0 165.5
Nitzschia dissipata (Kützing)	Rabenhort NIDD 0.0 1.0 0.0 0.0 9.4 0.0 6.8 1.7 0.7 0.0 0.0
Nitzschia dissipata	var.	media	(Hantzsch)	Grunow NIME 0.0 0.0 0.0 0.0 30.8 0.0 0.7 0.0 1.8 0.0 0.0
Nitzschia frustulum	(Kützing)	Grunow NIFR 19.0 0.0 0.0 1.0 38.0 2.7 1.5 1.5 7.3 5.0 0.0
Nitzschia gracilis	Hantzsch NIGR 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.2 0.0 0.0
Nitzschia laevis	Hustedt NILA 0.0 6.8 5.2 2.0 0.0 0.7 0.0 2.8 2.0 0.0 0.0
Nitzschia palea	(Kützing)	W.	Smith NIPA 0.0 35.8 14.0 2.0 8.2 0.0 13.3 7.3 7.2 9.0 11.5
Nitzschia sublinearis	Hustedt NISB 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 14.8 0.0 0.0
Nitzschia umbonata	(Ehrenberg)	Lange-Bertalot NIUM 11.0 43.3 12.7 4.4 0.0 0.0 5.2 10.2 4.8 4.5 77.5
Planothidium frequentissimum	(Lange-Bertalot)	
Lange-Bertalot
PLFR 0.0 0.0 0.0 1.2 4.6 22.7 0.8 8.7 0.0 0.0 0.0
Planothidium lanceolatum	(Brébisson	ex	Kützing)	
Lange-Bertalot
PLLA 0.0 0.0 2.8 1.0 0.0 7.5 4.8 0.0 2.5 0.0 0.0
Psammothidium subatomoides (Hustedt)	
Bukhtiyarova	et	Round
PSSU 0.0 1.5 0.0 1.6 0.0 24.2 0.0 0.0 0.0 0.0 0.0
Rhoicosphenia abbreviata (C.	Agardh)	
Lange-Bertalot
RHAB 0.0 0.0 0.0 2.8 97.4 120.5 4.2 0.0 0.0 0.0 0.0
Sellaphora pupula	(Kützing)	Mereschkowsky SEPU 67.5 41.8 48.5 77.2 1.4 2.0 13.8 10.8 6.7 0.0 0.0
Stephanocyclus meneghiniana	(Kützing)	
Skabitschevvsky
STME 2.5 0.0 3.8 2.0 0.0 0.0 37.0 14.7 6.8 0.0 0.0






bonata, N. levidensis (W.Smith)	Grunow, Sellaphora pupula, and 
Stephanocyclus meneghiniana	 was	 positively	 and	 significantly	
correlated	 with	 conductivity.	 On	 the	 other	 side,	 Luticola goep-
pertiana,	 L. mutica,	 Navicula	 antonii Lange-Bertalot,	 Nitzschia	























to	 near	 the	 Lerma	 River	 (Cantoral-Uriza	 &	 Mora,	 in	 press).	 The	
presence	of	a	 large	number	of	Nitzschia	species	 that	are	 toler-
ant	to	a	wide	range	of	environmental	conditions	(Dere	et al.,	2006;	
Cantoral-Uriza	 &	 Mora,	 in	 press)	 evidenced	 the	 hypereutrophic	











Craticula accomoda (Hustedt)	D.	G.	Mann;	E-F.	Gomphonema parvulum (Kützing)	Kützing;	G.	Nitzschia capitellata	Hustedt;	H,	I.	
Mayamaea atomus var. permitis (Hustedt)	Lange-Bertalot;	J,	K.	Eolimna subminuscula	(Manguin)	Moser,	Lange-Bertalot	et	Met-
zeltin;	R-W.	Sellaphora pupula (Kützing)	Mereschkowksy.	X.	Fistulifera saprophila	(Lange-Bertalot	et	Bonik)	Lange-Bertalot;	Y-Z. 
Gomphonema lagenula	Kützing.	L-M,	P-Q,	V	Clean water.	L-M.	Frankophila similioides Lange-Bertalot	et	Rumrich.	P.	Amphora 
pediculus	 (Kützing)	Grunow;	Q.	Eolimna tantula	Hustedt;	V.	Planothidium frequentissimum	Lange-Bertalot.	N-O,	S-U	Tolerant 




N. amphibia	 and	 N. umbonata,	 occurring	 in	 the	 former	 and	 the	
latter	water	bodies,	respectively.	Pedregal	Spring,	dominated	by	
Eolimna	 tantula,	Amphora	copulata	 (both	exclusive	of	 this	 loca-
tion),	 and	 Rhoicosphenia abbreviata,	 was	 the	 referent	 for	 less	
disturbed	waters	 in	 the	Lerma	River.	The	 latter	 three	 taxa	have	
been	 recorded	 for	waters	with	 low	nutrient	concentrations	and	












Most	 of	 the	 dominant	 species	 (i.e.,	 Eolimna subminuscula, 
Gomphonema parvulum, Luticola goeppertiana,	Nitzschia amphi-









On	the	other	side,	Achnanthidium minutissimum, Cocconeis 
placentula,	 Planothidium frequentissimum, P. rostratum (Oes-
trup)	Lange-Bertalot,	and	Staurosirella pinnata	(Ehrenberg)	D.	M.	
Williams	 et	 Round	 are	 species	 sensitive	 to	 contamination	 (Scz-
epocka	&	Szulc,	2006;	Ndiritu	et al.,	2006)	that	were	found	in	the	
Lerma-Toluca	 Bridge,	 San	 Jerónimo	 Ixtapatongo,	 San	 Lorenzo	




Gomphonema parvulum	 and	 Nitzschia palea, observed	 in	
areas	 of	 agricultural	 runoff	 such	 as	 San	 Jerónimo	 Ixtapatongo,	
Temazcalcingo	Bridge,	El	Capulín,	and	Uruétaro,	have	also	been	





nia abbreviata, and	Navicula antonii	indicate	slightly	better	condi-
tions	of	oxygenation	whitin	the	Lerma	River	(Krammer	&	Lange-





The	 observed	 decrease	 in	 biodiversity	 and	 the	 changes	 in	
species	 composition	 in	 the	 most	 altered	 zones	 of	 the	 river	 dur-
ing	 the	 sampling	 years	 could	 be	 accounted	 for	 by	 changes	 in	
water	quality	due	to	the	increase	of	pollution	in	the	system	given	
that,	as	has	been	shown	by	Stevenson	(1997),	communities	may	
adapt	 themselves	 to	environmental	stress	 througth	a	change	 in	
species	composition.	Thus,	in	highly	contaminated	places	of	the	









a	 precise	 taxonomic	 description	 from	 the	 epilithic	 diatoms	 and	
understanding	 of	 ecological	 preferences	 that	 was	 generated	 in	
the	present	study	may	represent	a	relevant	constribution	for	a	re-
gion	of	great	economic	importance	in	Mexico.
As	 show	 by	 the	 results	 of	 CCA,	 the	 distribution	 of	 epilithic	
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